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An optical element for shiel ding against light 

The invention relates to an optical element in the form of an at least partially 
5 transparent face comprising transparent areas as well as essentially non- 
transparent areas. 

Modern buildings are often constructed with large glass fronts. This applies ir 
particular to office buildings, where the individual offices often have windows 

10 from floor to ceiling. This presents a number of advantages. On the one 
hand, a number of degrees of freedom are provided with regard to the archi- 
tectural appearance of the building and, on the other, very light rooms witr 
good views are provided. However, practice has shown that the large glass 
panels are also associated with drawbacks. Thus, apart from light rooms, th€ 

1 5 large amount of incoming light also means that the rooms are heavily heated 
since a considerable part of the incident light will be directly incident sola 
radiation. In particular on hot summer days or in areas with averagely ele 
vated temperatures, the heating of rooms can be so powerful that it k 
necessary to use considerable energy resources to cool the rooms it 

20 question. Also, directly incident solar radiation may also cause inconvenient 
in the form of blinding to persons who are in the vicinity of the glass panels ii 
question. 

A number of solutions are known that aim to reduce the heating and/or th< 
25 inconvenience in the form of blinding from the directly incident solar radiatior 
One of the most well-known solutions is curtains that can be drawn on th 
inside of the individual panes. However, they are associated with the draw 
back that they also eliminate the view from the relevant room, as usually the 
are more or less non-transparent. Besides, the fact that they are arranged o 
30 the inside means that the heat radiation they are supposed to shield again? 
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will still enter and remain in the room, and thus its effect is limited in this re- 
gard. 

Solar shades or blinds that can be lowered are also known that are arranged 
5 on the outside of a building. They typically consist of a cloth of plastics 
coated glass fibre web. Since they are arranged on the outside of the build- 
ing, they are more efficient than the internal blinds for reducing heating of the 
rooms, but these shadings, too, considerably restrict the view from the rooms 
of the building, as they are only to a limited degree transparent. Besides, they 
10 are often avoided for architectural reasons and, likewise, they often require 
much maintenance to operate satisfactorily. The external shieldings are also 
sensitive to wind and hence they cannot be used in conditions with heavy 
wind. 

1 5 Both of the two above-referenced solutions have the additional drawback that 
they dim light - and hence heat - to more or less the same extent, irrespec- 
tive of the angle of incidence of the light in relation to the building. The sun 
typically producing the most powerful heating when high in the sky, light from 
points high in the sky will most conveniently be dimmed more than light from 

20 lower points such that, in the middle of the day, sunlight will be dimmed con- 
siderably, while the view continues to be more or less as usual, eg in the 
horizontal direction. In principle, this can be obtained with external awnings, 
but they considerably influence the architectural appearance of the building 
and for this reason they are often undesirable. Besides, they are - like the 

25 above-referenced sunshades - sensitive to wind and they typically require 
substantial maintenance. 

Also Venetian blinds - which are typically arranged on the inside or between 
two layers of glass - dim light with different angles of incidence differently. 
30 Also, the angle of the lamellae in a Venetian blind can usually be adjusted 
manually, thereby allowing that - to a certain extent - it is possible to choose 
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from which angles of incidence light are allowed to pass and not to pass, re- 
spectively, the blind. However, Venetian blinds are associated with the draw- 
back that, due to the size of the lamella, they are extremely visible and thus 
substantially obstruct the general view through a window provided with a Ve- 
5 netian blind. 

Another way of dimming incident sun light is by means of tinted glass panes, 
eg in the form of a dyeing of the glass or adherence of optical filters directly 
on the area of glass. These window panes reduce both the directly incident 

10 radiation from the sun and the indirect radiation proportionally, irrespectively 
of the angle of incidence of the radiation. There are no visible shielding ele- 
ments as such and the view is therefore not obstructed directly, but an indi- 
rect influence on the view will occur though, as light from all direction is, as 
mentioned, dimmed to the same extent. This means that if the shielding 

15 against the directly incident solar radiation is to have any effect at all, the 
window panes will appear to be very dark on days or at times when there is 
no direct sunlight. Also, these window panes will typically have a tinting that 
differs from that of ordinary glass panes, whereby the perception of the col- 
our of objects viewed through such pane can be disturbed. The external ap- 

20 pearance of a building is also affected when tinted panes are used, but such 
effect, however, is not necessarily undesired. 

Furthermore, Danish patent application DK PA 1998 01040 teaches a solar 
cell, whose substrate is constituted by a plate of extended metal which, when 
25 mounted vertically, is able to shield against the sun without completely 
shielding against the view through the plate. It is mentioned that if the plate is 
viewed from sufficiently far away, it will seem to be invisible, but the de- 
scribed plate will not be invisible at the distances that are relevant in a room 
with the plate mounted on eg a window pane. 



30 



WO 03/106802 



PCT/DK03/00405 



4 

It is thus an object of the invention to provide an optical element of the 
above-referenced kind that is, to a higher degree than the prior art solutions, 
able to shield against the heating of the interior of a building that takes place 
due to incident solar radiation without the indirect radiation and hence the 
5 view through the element being significantly reduced. 

According to the invention this is obtained in that the transparent areas are 
arranged sufficiently close to each other for the individual, intermediate, es- 
sentially non-transparent areas to be substantially invisible to the naked eye, 

10 at least when the element is viewed at a given distance that corresponds, 
however, at most to distances in indoor facilities, and wherein the essentially 
non-transparent areas are arranged sufficiently close to each other and have 
a sufficient extent perpendicular to the face for the intermediate transparent 
areas to have a depth-to-width ratio that causes the optical element to allow, 

15 at a given point on the face, light to pass at certain angles of incidence, while 
light with other angles of incidence are unable to pass the optical element at 
the relevant point. 

Such arrangement of the transparent areas so close to each other that the 
20 intermediate areas are more or less invisible in case of usual indoor viewing 
distances ensures that, from an overall point of view, the element is more or 
less invisible and thus does not considerably prevent the view through the 
element. The depth-to-width ratio of the transparent areas precludes light 
from these angles to travel through the element. Thus, if the element is ar- 
25 ranged such that precisely light from the sun when high in the sky is blocked, 
while light from lower points are allowed to pass, the desired effect is ob- 
tained. 

The described invention is able to serve as an optical filter having the particu- 
30 lar property that its ability to absorb and reflect the light depends on the angle 
of incidence of the light in relation to the element. For instance, the optical 



■J 



WO 03/106802 



PCT/DK03/00405 



5 

element can be configured and located such that it allows incidence of light 
when the angle of incidence of light in relation to the element is large, while it 
effectively absorbs light with a small angle of incidence in relation to the ele- 
ment. In this particular embodiment, the effect is obtained that a vertically 

5 arranged element removes considerable amounts of the incoming direct solar 
radiation, when the intensity of the sun light is high in the middle of the day, 
while the element allows incidence of light from and view in directions close 
to the horizon. Thus, the optical element will be perceived as transparent, 
albeit shielding, for as long as the user views objects that are close to the 

1 0 horizon through the element. 

By the invention the effect is obtained that the incoming heat radiation from 
the sun through the optical element is reduced when the sun is high in the 
sky in the middle of the day. Simultaneously the invention allows the user to 

15 look through the element for as long as the viewing angle is smaller than the 
limit set therefor, and the element appears as a uniform, coherent face, eg as 
a plane element. Hereby the invention differs considerably from conventional 
sun shielding products, such as eg Venetian blinds and lamellae curtains that 
are, on the one hand, visible as such and, on the other, do not constitute a 

20 coherent, uniform face in relation to the pane or the doorway in which such 
elements are to be mounted. 

Since the invention reduces the direct solar radiation into the building, the 
need to cool the building is considerably reduced, and the optical element will 
25 thus be of much value in interaction with the building, as the element lowers 
the overall energy consumption of the building. In connection with office 
buildings that often feature a considerable amount of glass panel fronts, the 
primary energy consumption of the building is closely related to the need for 
cooling. 

30 
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The optical element is thus particularly suitable for use as full or partial sun 
shielding on buildings where the sun-shading effect reduces the need for 
cooling the building, while simultaneously the element allows the users of the 
building to see through that part of the fagade that is constituted of the ele- 
5 ment. Of course, the optical element can be used for the same purposes in 
case of buses, trains, ships or in connection with city-accessories, such as 
telephone booths and shelters. 

The optical element can be configured such that the essentially non- 
10 transparent areas constitute a coherent face, whereby the transparent areas 
appear as openings in this face. This is a convenient embodiment from a 
manufacturing point of view, since the element can be manufactured from a 
more or less non-transparent material, in which said openings can be pro- 
duced, eg by mechanical processing or laser processing. In this embodiment, 
15 the element may conveniently be configured such that said openings are 
elongate, thereby imparting to them, in a given direction in the plane of the 
face, an extent that is considerably larger than their extent in a direction per- 
pendicular thereto in the plane of the face. Hereby the viewing angle is 
opened considerably in a plane in parallel with the longitudinal direction of 
20 the openings, while the opening angle perpendicular thereto will be limited. 

The optical element can also be configured such that the transparent areas 
constitute a coherent face such that the essentially non-transparent areas 
appear as islands in this face. It may be eg a transparent basic material on 
25 which non-transparent areas are applied. 

According to one embodiment of the optical element the transparent areas 
and the essentially non-transparent areas are arranged in a mutually regular 
pattern. This yields an element with a well-defined cut-off angle throughout 
30 the entire surface. 
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When the individual transparent areas have, at least in one direction in the 
plane of the face, an extent that is maximally ten times larger than the extent 
of the essentially non-transparent areas at right angles to the face, it is en- 
sured that light having small angles of incidence is shielded, while light hav- 
5 ing larger angles of incidence are able to pass the element. 

The transparent areas can preferably be arranged such that the individual, 
essentially non-transparent areas have an extent that is less than 10 mm at 
least in one direction in the plane of the face. This means that, when viewed 

10 with the sensitivity of a normal eye, they will be practically invisible when 
viewed at distances in excess of approximately 33 m. If the extent is less 
than 1 mm, the areas will correspondingly be invisible when viewed from dis- 
tances in excess of approximately 3.3 m, and if the extent is less than 100 
l^m the areas will correspondingly be invisible when viewed from distances in 

1 5 excess of approximately 33 cm. 

The essentially non-transparent areas of the optical element can conven- 
iently consist of a material with a low reflectivity, whereby light is only to a 
limited extent reflected from the surfaces of the essentially non-transparent 
20 areas. Hereby it is obtained that light reflected from the optical element does 
not become dominant in relation to light from the surroundings in the direc- 
tions where the element does not block the light. Hereby it is ensured that the 
free view in those directions where it. is desired is not blocked by reflections 
from the optical element. 

25 

By configuration of the optical element as a film that can be attached to a 
surface on another at least partially transparent, optical element, a conven- 
ient embodiment is obtained, where the element can be arranged on eg the 
existing window panes of a building, whereby the mounting costs for existing 
30 buildings can be reduced considerably. 
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Configuration of the optical element as an integral part of a window pane, 
enables an embodiment that is particularly convenient in connection with new 
building projects, since it is hereby possible to simply mount window panes 
with the optical element mounted integrally therein. 

5 

According to a particularly convenient embodiment of the optical element at 
least a part of the essentially non-transparent areas are configured to serve 
as electrode in a solar cell. Hereby the additional effect is obtained that, in 
additional to shielding against the direct sunlight from the sun when high in 

10 the sky, the optical element is also capable of converting the absorbed 
sunlight into electrical energy. Thus the element is able both to reduce the 
heating due to incident sunlight - and hence in itself the need for cooling - 
and simultaneously produce electrical energy that may be used eg for cooling 
the building. Overall, considerable savings are obtained in the energy con- 

15 sumption of a building that originates in solar heating, while simultaneously 
the indoor climate in the relevant rooms is not adversely affected. 

Said solar cell can conveniently be a photo-electro-chemical solar cell, eg of 
the type known as Nano Crystalline Dye Sensitized Solar Cells (abbreviated 

20 nc-DSC), and in that case the essentially non-transparent areas may com- 
prise a semi-conductor on which a suitable dye is adsorbed, and may be con- 
figured to serve as photo-electrode in the solar cell. Examples of suitable 
semiconductors include a metal oxide semiconductor. Alternatively the es- 
sentially non-transparent areas may comprise electrically conductive particu- 

25 late material and may be configured to serve as counter electrode in the solar 
cell. The particulate material may be eg electrically conductive graphite, par- 
ticulate semiconductor materials, eg Sn0 2 , particulate metallic materials, 
such as platinum, or mixtures of the above-mentioned materials. 

30 The optical element may also be combined with a solar-cell function in that 
the essentially non-transparent areas comprise surfaces that are configured 
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as solar cells. As above, this means that the optical element has both a 
shielding and an energy-producing effect. In this case, the solar cells can be 
configured as thin film solar cells. 

5 The invention will now be described in further detail with reference to the 
drawing, wherein 

Figures 1 a-c show an optical element with circular apertures; 

1 0 Figures 2a-d show an optical element with elongate apertures; 

Figure 3 shows how an optical element according to the invention shields 
against light with specific angles of incidence; 

1 5 Figure 4 shows reflection of light from the lamellae of an optical element; 

Figures 5a-c show an optical element, wherein non-transparent islands are 
used; 

20 Figures 6a-c show an optical element wherein channels extend in the entire 
width of the element; 

Figures 7a-c show an optical element, wherein the individual lamellae are of 
triangular cross section; 

25 

Figures 8a-c show an optical element with tilted lamellae; 

Figures 9a-b show a solar cell with a photo electrode configured as a raster 
plate according to the invention; 

30 
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Figure 10 is a sectional view through a solar cell with a counter electrode 
configured as a raster plate according to the invention; 

Figure 1 1 shows an optical element, wherein a layer of solar cells is applied 
5 to the surface; and 

Figure 12 shows an optical element with irregular structure. 

Figures 1a-c show an example of an optical element 1 according to the in- 
10 vention. In the example shown the element 1 consists of an essentially non- 
transparent film or plate material provided with a number of through-going 
apertures or openings 2 evenly distributed across the area of the plate. Such 
plate with through-going apertures in a regular pattern will, in the text that 
follows, be designated a raster plate. In the optical element 1 shown in Figure 
15 1 the apertures are circular. Figure 1a shows the plate 1 seen in a view 
straight from the front, while Figure 1b is a sectional view along line b-b in 
Figure 1a. Figure 1c shows the optical element 1 seen in a perspective view. 
The optical element 1 shown in Figures 1a-c is shown as a small element 
with only 20 circular apertures in the plate. In practice, it will usually be much 
20 larger plates with far more apertures. Herein, the small plate is used for bet- 
ter illustrating the way in which the optical element works. 

If the raster plate is made of an absorbing or reflecting material, a shielding 
will be obtained that is symmetrical around the face normal of the plate. This 

25 means that incoming radiation from eg the sun will be absorbed and/or re- 
flected when it forms a small angle in relation to the raster plate; ie an angle 
smaller than the angle 0 in Figure 1b, whereas light from larger angles pass 
right through the apertures 2. This means that the viewing angle through said 
element 1 is restricted just as much upwards as to each side, if the element 

30 is arranged vertically eg in the front facade of a building. 
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Instead of the circular apertures shown in Figures 1a-c, it is also an option to 
use elongate apertures or channels 12, 13, as shown on the element 11 of 
Figures 2a-d. Also in this figure, Figure 2a shows the plate in a view seen 
straight from the front, whereas Figure 2b is a sectional view along the line b- 

5 b shown in Figure 2a, and Figure 2c is correspondingly a sectional view 
along the line c-c shown in Figure 2a. Figure 2d shows the optical element 
11, seen in a perspective view. If these channels 12, 13 are oriented with the 
longer side in parallel with the horizon, the light that, in a vertical plane at 
right angles to the plate, form a small angle to the raster plate - ie an angle 

10 smaller than the angle 9 V in Figure 2b, will be absorbed and/or reflected, 
whereas light from larger angles pass straight through the apertures 12, 13, 
in exact correspondence with the teachings above in relation to the plate 1 . In 
respect of light in a horizontal plane at right angles to the plate, however, it 
will only be light with an angle of less than the far smaller angle 6 h in Figure 

15 2c that is absorbed and/or reflected, whereas light from angles larger than 
that travels straight through the apertures; ie the viewing angle is opened 
decisively towards the sides, while the ability of the plate to shield against the 
sun when it is high in the sky is maintained. 

20 The more specific conditions can be described by the width (A) of the chan- 
nels, their depth (D) and the thickness (T) of the material between the chan- 
nels, as is shown in Figure 3 that corresponds to Figure 2b. The material be- 
tween the channels can also be designated micro-lamellae. According to the 
geometrical optics, a raster plate with micro-lamellae with rectangular cross 

25 section will herein have an ability to shield against the direct light given by the 
ratio between the depth of the lamellae and their mutual distance (D/A). Light 
having in relation to the raster plate an angle of incidence 0 smaller than the 
critical angle 9 V = arctan (D/A) will hit the lamellae of the raster plate and thus 
shield the raster plate completely against the direct light. When the angle of 

30 incidence of the light exceeds 9 V and is increased, an increased part of the 
light will hit between the lamellae and thus manage to travel through the 
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raster plate. Maximal passage of the direct light is obtained when the angle of 
incidence of the light in relation to the raster plate is 90°. In this situation, the 
passage of light is determined exclusively of how much of the raster plate is 
covered by the material between the channels, ie the ratio T/(A+T). For light 

5 with an angle of incidence in relation to the raster plate of between 6 V and 90° 
the passage of light is determined by the ratio D/A, T/(A+T) and the angle of 
incidence 0 of the light. The passage of light depending entirely on the con- 
figuration of the raster plate through the two dimensionless variables D/A and 
T/(A+T), it can be deduced that the described raster plate shields against the 

10 direct sunlight in the same manner as a Venetian blind with corresponding 
macroscopic lamellae. 

However, the conventional macroscopic Venetian blinds have the substantial 
drawback that, of course, they can be seen with the naked eye and thus they 

1 5 block the view. If, on the other hand, the raster plate is configured with micro- 
scopic lamellae, this condition can be changed. The microscopic extent of the 
pattern in the raster plate makes it possible to supply such qualities to the 
raster plate that cannot be obtained for conventional sun shielding products, 
such as Venetian blinds and lamellae curtains, the raster plate appearing - 

20 provided it is designed correctly - as a homogeneous face through which it is 
possible to sense an image of the surroundings located beyond it. In the fol- 
lowing it will be described, which requirements this makes to the size and 
geometrical configuration of the pattern and to the ability of the materials 
used to absorb and reflect light, including the albedo factor of the materials. 

25 

A raster plate will appear as a homogenous face when the pattern in it is so 
small that the individual lamellae cannot be sensed with the naked eye. The 
dissolution ability of the eye can commonly be designated by the following 
simple, empirical correlation: 

30 

I = 3333,3 d, C) 
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wherein I is the distance to the object, and d is the extent of the viewed ob- 
ject. At a viewing distance of 50 cm, the limit for visibility is about 150 ac- 
cording to equation (1), which means that an object with an extent of 150 urn 

5 will be invisible when viewed from distances in excess of 50 cm. This limit 
drops to 90 urn when the viewing distance is reduced to 30 cm. Typically, this 
will thus mean that a window pane in which a raster plate is mounted will, 
when viewed at a distance, appear as a homogenous face, wherein the indi- 
vidual lamellae cannot be distinguished from the background, if the lamellae 

1 0 have a thickness and depth smaller than about 1 00 \im. 

In the above-mentioned deliberations, the passage of the light is, for the rea- 
son of practicalities, described with straight lines and geometrical optics. It is 
a prerequisite of this deliberation that the areas between the horizontal chan- 
1 5 nels that will have the shape of microscopic lamellae have an extent in all 
three dimensions that exceeds a critical threshold. A rule of thumb says that 
this critical threshold is 10 times the wavelength of the light, which in practise 
is 10 urn for the visible part of the sunlight, whose wavelengths are within the 
area 400-700 nm. If the characteristic dimensions of the lamellae exceed this 
20 critical threshold, the passage of the light through the raster plate can thus be 
described with straight lines and geometrical optics. Furthermore, the diffrac- 
tion that occurs due to the wave nature of the light and the character of the 
raster plate as an optical grid will be minimal and in practice negligible. It can 
be deduced from this that the lamellae of the raster plate can advantageously 
25 be configured such that their depth (D), thickness (T) and horizontal extent 
and mutual distance (A) all exceed 10 nm. Lamellae that satisfy this require- 
ment to size are designated micro-lamellae in the text that follows. Optical 
elements whose parts have dimensions below this limit, however, can also 
be used; only the calculation conditions become more complex. 

30 
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If, as stated above, the pattern of the raster plate has a characteristic extent 
that is about 100 urn or less and is hence invisible at the viewing distances in 
question, the visual impression through the raster plate will not be dominated 
by its pattern, and hence a primary prerequisite for enabling the sensing of 
5 an image through the raster plate has been complied with. Of further conse- 
quence to the observation of an image through the raster plate is also light 
introduced by the raster plate as such. 

Through an opening in which the optical element is not mounted an observer 
10 is able to see an image of the surroundings, due to objects in the surrounding 
reflecting a part of the sun light diffusely and transmitting it on in the direction 
of the observer. This reflection is hereinafter designated the image-forming 
diffuse reflection from the surroundings, whose intensity (7 toa4re ) depends on 
how effectively the surroundings reflect the sunlight and hence the intensity 
15 of the incoming sunlight. The condition for an observer to be able to see an 
image of the surroundings is that the intensity of the image-forming diffuse 
reflection from the surroundings that hit the observer is dominating in relation 
to the intensity of other light radiation with corresponding direction that hits 
the observer. The condition for the observer to see an image through the ra- 
20 ster plate is thus that the light intensity introduced by the raster plate in the 
direction of the observer {I rea terptate) is not dominating in relation to the image- 
forming light intensity. The quality of the observed image will depend on the 

intensity ratio Iimage/Iraster plate- 

25 The raster plate introduces two possible sources of light radiation in the di- 
rection of an observer present in the room behind a window pane in which 
the raster plate is mounted, viz the light reflected from the lamellae and light 
not reflected by the lamellae, but rather travelling through the lamellae with- 
out being completely absorbed. The light that hits the lamellae will be partially 

30 reflected and partially penetrate the lamellae material. How much of the in- 
tensity of the sunlight that is reflected depends on the albedo factor of the 
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lamellae. The intensity fraction that is not reflected will wander into the lamel- 
lae, where it is gradually absorbed by the lamellae material. 

The direction of the reflected light depends on the character of the lamellae 
5 surface. If the surface of the lamellae is perfectly plane, also on a micro- 
scopic scale, the light is reflected in accordance with the fundamental rules of 
geometrical optics that say that the angle of incidence of light equals the an- 
gle of excidence of the light, wherein both angles are measured in relation to 
the horizontal plane of the lamella. On the basis of this and a simple geomet- 
10 rical deliberation, it will appear that the raster plate will, under the given con- 
ditions, allow reflected light of the first order to pass when the angle of inci- 
dence 9 in relation to the raster plate exceeds the angle 6 r = arctan(D/(2 • A)). 
This is also illustrated in Figure 4. In the same manner it will appear that the 
raster plate allows reflected light of the (n-1)th order to pass when the angle 
15 of incidence 0 exceeds the angle arctan(D/(n ■ A)), wherein n^1 . The intensity 
of the reflected light allowed to pass through the raster plate thus depends on 
the angle of incidence and intensity of the sunlight, number of reflections, the 
albedo factor (p) of the lamellae and the configuration of the lamellae that 
again appears through the dimensionless ratio D/A. 

20 

If, conversely, the surface of the lamellae is perfectly diffusing, the reflection 
of the light can be described as approximately uniform in all directions. From 
a geometrical view, it can be shown in this case that the portion of the dif- 
fusely reflected light intensity allowed to pass through the blind is independ- 

25 ent of the extent of the lamellae, but, conversely, dependent on their geome- 
try in the form of the ratio D/A. The amount of diffusely reflected light allowed 
to travel through the raster plate is increased when the ratio D/A decreases. 
Apart from this, the amount of light allowed to pass through the optical ele- 
ment also depends on the angle of incidence of the sunlight and the albedo 

30 factor of the lamella. 
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In order to avoid that light travels through the thickness of the lamellae with- 
out being completely absorbed, the lamellae can be manufactured from a 
material or a combination of materials that has a sufficiently high absorption 
of light within the relevant wave length area of 400-700 nm. Absorption of the 
5 light in a given material can be described with the following relation: 

I(t)=I 0 exp(-p- 1), (2) 

wherein l(t) is the light intensity after having travelled a distance t thorugh the 
material, l 0 is the intensity of the light penetrating into the material, and B is 
the absorption coefficient of the material or extinction coefficient for light in 
the relevant wave length range. As it has earlier been stated that the thick- 
ness (T) of the lamellae or generally the distance between the apertures in 
the raster plate may conveniently be between 10 jam and 100mn, this means 
that the raster plate is either manufactured from a material having an absorp- 
tion coefficient for visible light in the range between the two values given be- 
low: 

J3 > 2,3 1& cm 1 for T = 10/Jm, 
20 /3 > 2,3 JO 2 cm 1 for T=100/Jm, 

or alternatively that the raster plate is manufactured from a combination of 
two or more materials that combine to provide sufficient absorption of the 
visible light across the thickness of the lamella. In case of micro-lamella, this 
can be accomplished in that the lamellae are constructed around a metal co- 
25 re, since metals effectively absorb all light over a distance of 0.1 nm. 

The raster plates shown in Figures 1 and 2 are merely examples of how a 
raster plate according to the invention can be configured. A number of alter- 
native examples will be discussed below. 



10 



15 
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The plate 21 shown in Figures 5a-c corresponds to the one shown in Figures 
2a-d; however, instead of the elongate apertures 12, 13 the channels are 
herein defined by means of a number of non-transparent "islands" 22 that are 
attached to a transparent layer 23, eg in the form of a film or a glass plate. 

5 The functioning is the same as for the plate 1 1 , although a small part of the 
light from the sun when it is high in the sky will be allowed to pass through 
the small apertures between the elongate "islands". This may be advanta- 
geous, since it will still be possible to sense the location of the sun through 
the optical element, albeit by far the major part of the direct radiation - and 

10 hence the heating - is avoided. 

If the apertures 12, 13 in the plate 11 or the "islands" 22 in the plate 21 are 
configured to be so long that they extend across the entire width of the plate, 
the result is like the plate 31 shown in Figures 6a-c that consists of a number 

1 5 of lamellae 32 that corresponds to a Venetian blind with horizontally arranged 
lamellae; only the lamellae are herein configured with a microscopic size as 
will appear from the above-mentioned deliberations concerning the ratios. 
The lamellae 32 are shown with rectangular cross section, but as shown on 
the plate 41 in Figures 7a-c, it is an option also to use lamellae 42 with a tri- 

20 angular cross section, which enables an improved view in the downwards 
direction without deteriorating the shielding of the sunlight. Finally, Figures 
8a-c show a plate 51 in which tilted lamellae 53 are used. The functioning 
corresponds to that of the plate 41 with the triangular lamellae, but in this 
case an even better view is provided in the downwards direction. The triangu- 

25 lar and the angled lamellae further provide the advantage that a large part of 
the light reflected from the lamellae will be reflected outwards rather that in- 
wards as described above, where it might influence the visual impression. 
These embodiments thus considerably reduce the reflection problem. 

30 As mentioned, all of the above described raster plates distinguish themselves 
by the microscopic extent of the individual lamellae, apertures or "islands" 
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that define the pattern on the raster plates. Therefore such elements can be 
manufactured by means of micro-technical methods, such as eg laser proc- 
essing, selective etching or micro-technical processing. It is a common fea- 
ture of these methods that the degree of difficulty of the manufacturing proc- 

5 ess increases in pace with the ratio of detail depth to thickness. Therefore the 
manufacturing process can be facilitated by selection of a convenient T/D 
ratio of the lamellae that should therefore not, for reasons of manufacture, 
exceed a critical threshold given by the selected method of manufacture. For 
instance, the raster plate as such may, when manufactured by one of said 

10 methods, be located on a transparent carrier film that can subsequently be 
adhered to a window pane in a building to obtain the intended effect. As it is 
exemplified in case of the plate 21 shown in Figure 5, the carrier film may 
also be a part of the method of manufacture as such. Alternatively the thus 
produced raster plate can be integral with a glass pane, thereby enabling the 

15 pane to be mounted directly in a building. 

As mentioned, the above-described raster plates can be used as optical 
shielding elements, eg against powerful sunlight, but they may additionally be 
provided as a monolithic structure that constitutes a part of a solar cell. The 

20 plate can be manufactured as a part of an element, eg a substrate, wherein 
both the raster plate and the substrate may perform other functions in relation 
to the functioning of the solar cell. For instance, the raster plate may serve as 
rear electrode for a coating of amorphous Si, or the raster plate may be a 
carrier substrate for a nano-structured photo-electrode in a photo-electro- 

25 chemical solar cell, also designated Nano Crystalline Dye Sensitized Solar 
Cells (abbreviated nc-DSC). By this type of solar cell the formation and 
transport of charge carriers take place in separate materials; sensitizer and 
semiconductor electrode, respectively. Furthermore, this type of solar cell 
sometimes contains components that are not solids. This type of solar cells 

30 and methods for the manufacture of same are well-known. 
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If an ns-DSC solar cell is combined with the above-described raster plates, it 
is possible to manufacture a solar cell panel that could be perceived as par- 
tially optically transparent, and that a user will be able to look through. This 
type of solar cell panel may also be framed in the climate envelope of a build- 
5 ing and can be used as an architectural element that reduces the total 
amount of light coming in through the solar cell panel. 

An nc-DSC solar cell consists of a photo-electrode and a counter electrode 
that are both in electronic contact with a commonly liquid electrolyte. The 
1 0 electrolyte consists of a redox ion pair dissolved in a suitable solvent. 

The photo-electrode consists of a semi-conductor material, on which a dye is 
absorbed that can be excited from its electronic ground state upon illumina- 
tion. Usually the semi-conductor material is configured such that the elec- 
15 trade achieves a large physical area, and the semi-conductor material and 
hence the above-mentioned dye is brought into electrical contact with an 
electrically conductive material that serves as contact to an external electrical 
circuit. 

20 Usually, the counter electrode consists of an electrically conducting material, 
on which a catalytically active material is adsorbed. The functioning of the 
catalytic material is to contribute to the reduction of the redox pair in the elec- 
trolyte, whereas the conductive material merely serves as contact to the ex- 
ternal electrical circuit. 

25 

Overall, the solar cell functions in that one of the photons of the sunlight in- 
teracts with the dye adsorbed onto the surface of the semiconductor material 
on the photo-electrode and hereby strikes an electron in the dye from its ori- 
ginal state. If this electron thus obtains an energy level that exceeds the 
30 energy level of the conduction band of the semiconductor material, this elec- 
tron can be injected onto the semiconductor material. The electron can thus 
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be moved through the semiconductor and to the electrical conductor connect- 
ing the photo-electrode to the external electrical circuit. The dye is reduced to 
its original state by receiving an electron from the reduced form of the ion pair 
that constitutes the redox pair in the electrolyte. The thus oxidised ion is 
5 moved through the electrolyte to the surface of the counter electrode, where 
the ion is yet again reduced by receiving an electron from the counter elec- 
trode. The interaction of the dye with the sunlight will thus produce a voltage 
between photo- and counter electrode, and provided both of these electrodes 
are connected to the same external electrical circuit, current may run be- 
10 tween the above-mentioned electrodes, and this current can be used to per- 
form an electrical task in the external circuit. 

Figures 9a-b show examples of how a solar cell 61 according to the invention 
can be constructed. The shown solar cell uses a photo-electrode configured 

15 as a raster plate corresponding to the plate 31 in Figure 6c. Figure 9a shows 
the solar cell in a perspective view, while Figure 9b is a sectional view along 
the line b-b in Figure 9a. In Figure 9a the two halves of the cell are shown 
separate from each other in order to better illustrate the structure of the cell. 
As will appear, the solar cell 61 consists of two halves; a photo-electrode part 

20 62 and a counter electrode part 63, wherein the electrolyte 64 is arranged 
between the two halves. 

The starting point for the solar cell is a glass substrate 65 coated with a 
transparent, conductive coating 66 and optionally a web of an electrically 

25 conductive material. On the conductive side of the substrate, a layer 67 of 
nano-particulate Ti0 2 is applied, eg a suspension of commercial Ti0 2 powder 
in suitable solvent. The thickness of the applied layer 67 must exceed the 
desired lamella depth; eg > 20 urn. Application of this layer of Ti0 2 particles 
is a well known technology in the manufacture of nc-DSC solar cells and can 

30 be effected eg by scraping, screen printing or the like. 
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Before the applied Ti0 2 paste dries, the desired lamella structure can be ac- 
complished by the coating 67 being scraped with a particular cutter means 
intended therefor having a blade with such profile that it corresponds to a 
negative imprint of the desired shape. With this simple technique it is possi- 
5 ble to essentially remove the material between the ribs desired to be formed. 
Thus, it is possible to form a profile, eg corresponding to the raster plate 31 
shown in Figure 6. The distance between the ribs (A) can be eg 50 urn, the 
thickness of the ribs (T) 10 urn and the depth of the ribs (D) 20 jxm. 

10 From here on the formation of the nc-DSC solar cell is as usual for this type 
of cells. The most essential steps are thermal sintering of the constructed 
electrode 67 at a maximum of 450°C; formation of a counter electrode 68 on 
a separate substrate of glass or plastics 69, wherein there is provided, like on 
the glass substrate 65, a transparent, conductive coating 70; impregnation of 

15 the photo-electrode with suitable sensitizer; assembly of photo- and counter 
electrode with a suitable edge sealing; and finally charging of a liquid electro- 
lyte 64. The given sequence of these processes can be deviated from in re- 
sponse to selection of edge sealing and manufacturing technique for the 
catalyst on the counter electrode. By the given process both substrates 

20 conveniently have mechanically sufficient earner capabilities so as to avoid 
that they deform the structure thus formed in the photo-electrode, and a 
transparent catalyst is used on the counter electrode, eg a thin platinum 
coating. 

In this example the sun-shielding effect originates in the photo-electrode, and 
25 consequently this material should, as mentioned above, have an extinction 
coefficient in excess of about 2-1 0 3 cm -1 through the visible spectre. This re- 
quirement is met by dye sensitized nano-particulate Ti0 2 . 

With the above-stated dimensions the lamella structure allows more than 
30 50% of the indirect light from the surroundings pass through, and furthermore 
the intensity of the through-passing, image-forming light from the surround- 
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ings is more than twice the intensity of the diffuse reflection from the lamel- 
lae, if the albedo factor (p) of the lamella is less than about 0.18. Additionally, 
the ratio of the lamellae depth to their thickness is less than 3, which yields a 
reasonable producibility. 

5 

Figure 10 is a sectional view through a further solar cell 71, wherein it is, 
however, the counter electrode that is configured as a raster plate corre- 
sponding to the plate 31 in Figure 6c. This time, too, it is an nc-DSC solar cell 
which is, in this case, manufactured by structuring of the counter electrode. 

10 As will appear, also the solar cell 71 consists of two halves; a photo-electrode 
part 72 and a counter electrode part 73, wherein an electrolyte 74 is arranged 
between the two halves. The manufacture takes its starting point in a trans- 
parent substrate 75, eg glass or plastics. This is applied with a thick film of 
electrically conductive graphite 76 (optionally with an interjacent conductive 

15 layer 77 of a transparent material). This can be accomplished by application 
of a pasta of graphite particles in a suitable suspension, eg butyl acetate or 
the like. Manufacture of such emulsions on plane substrates is known. Appli- 
cation can be performed by scraping, rolling or the like methods. 

20 The thus formed graphite electrode 76 on the substrate in question consti- 
tutes an electrically conductive and catalytically active coating that can serve 
as counter electrode in an nc-DSC solar cell. 

The structuring of the counter electrode 76 can be performed either as stated 
25 for the photo-electrode above by mechanical removal of the graphite coating 
such that the desired geometry appears, or it can be performed by removal of 
the graphite coating by means of a laser. In case of laser processing of the 
graphite electrode the illuminated area is transformed to CO and C0 2 if the 
processing takes place in an oxygen-containing atmosphere. Laser process- 
30 ing is a known technology within the processing industry and it is character- 
ised by high speed and accuracy. 
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The counter electrode is formed such that it shapes the desired geometry 76 
and it constitutes in itself the directionally selective element of the solar cell. 

5 In this example the photo electrode 78 can be performed exactly as usual for 
this type of solar cells; all it takes is that the electrode can be manufactured 
from fully dispersed nano-particles that constitute a non-visible film on the 
substrate. The starting point is a transparent substrate 79, eg glass. The 
glass is coated with an electrically conductive layer, eg a TCO, and optionally 

10 an electrically conductive web 80. Then a thick film 78 of nano-crystalline 
Ti0 2 particles is added, of which no particles should be larger than about 30 
nm. These particles are considerably smaller than the wave length of visible 
light, and therefore they appear to be transparent provided the particles are 
sufficiently dispersed. The thickness of the photo-electrode should be about 

15 10 urn, and this can be obtained by usual methods. 

Application of sensitizer on the photo-electrode, assembly of photo- and 
counter electrode, sealing and addition of electrolyte 74 can be performed by 
the usual routines that depend on the exact choice of material. 

20 

In the above-referenced examples the angle-sensitive optical element par- 
takes in the form of a raster plate as an integral part of a solar cell, viz as ei- 
ther photo-electrode or counter electrode in an nc-DSC solar cell. It should 
be noted that, of course, it is also an option to allow a part of the raster plate 
25 only to serve as electrode in a solar cell, while the remainder of the raster 
plate is then to function merely as shielding element as described above. 

It is also an option to arrange one or more solar cells on the surface of such 
raster plate, whereby the raster plate - in addition to providing the angle- 
30 sensitive effect - merely functions as the earner element for the solar cell. In 
this case it is possible to use eg solar cells manufactured by means of thin- 
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film technique that differs considerably from a technological point of view 
from the conventional types. Thin-film solar cells comprise a very wide range 
of different types, eg microcrystalline silicon, amorphous silicon or a CIS-type 
(Conductor-Insulator) solar cell, eg CIGS (Copper Indium Gallium Selenide) 
5 or GaAs (Gallium Arsenide). 

An example of this is shown in Figure 1 1 that shows a unit 81 comprising a 
raster plate 82, on the surface of which a solar cell layer is applied. The ra- 
ster plate 82 is shown herein with rectangular cut-outs 83, but apart from that 

10 it corresponds to the plate 11 shown in Figures 2a-d. The raster plate 82 is 
arranged on a transparent substrate 84, and the raster plate itself can be 
manufactured with a starting point in an optically blocking material, eg plas- 
tics, ceramics, metal or combinations thereof. This material can be processed 
as described below, such that rectangular cut-outs are formed having the 

15 desired shape and size. Thus the grid 82 is formed that describes the angle- 
sensitive property. The grid 82 is subsequently coated with an electrically 
conductive coating 85 and one or more coatings that combine to constitute a 
solar-cell active material 86. Furthermore, it may be necessary to add a layer 
of transparent, conductive coating 87 and a grid of thin lines manufactured 

20 from electrically conductive material 88. Usually it will be necessary to locate 
the thus manufactured angle-sensitive solar cell between two transparent 
substrates, whereby - in addition to the transparent substrate 84 - a corre- 
sponding substrate is also arranged on the opposite side of the unit. 

25 The material from which the raster plate is manufactured is to comply with 
the above-given requirements to extinction coefficient. To most metallic or 
ceramic materials this requirement will readily be complied with for all practi- 
cally usable thicknesses. The processing of the material with a view to ob- 
taining the desired structuring can be accomplished by micro-mechanical 

30 processing, eg spark machining or laser processing of metallic materials. For 
materials that can be described as ductile the processing can be accom- 
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plished by edge-punching cracks of desired length and subsequently stretch- 
ing the material transversally to the cracks. In this manner a regular pattern 
can be formed. 

5 If a structured ceramic material is used, the manufacture is accomplished by 
rolling a ceramic film to a thickness that corresponds to the desired geome- 
try, eg 200 \im. It is perforated mechanically by punching, while the film is yet 
workable (un-sintered work piece). The perforation may be a width of eg 200 
urn and a length that considerably exceeds this dimension, eg 1 mm. The 

10 thus structured ceramic green/unfinished piece is subsequently sintered in a 
conventional manner, following which conductor tracks, barrier coatings and 
solar-cell active materials are applied, eg microcrystalline silicon in accor- 
dance with usual methods. 

15 It is also an option to use a polymer material. Manufacture of a structured 
polymer piece can be performed by micro-injection moulding, laser process- 
ing or mechanical punching. It is possible to use a polymer material dyed in 
the mass or a transparent material onto which a non-transparent coating is 
applied following perforation. Subsequently the material can be used as start- 

20 ing point for the manufacture of thin-film solar cells in accordance with the 
usual methods, ie by use of low-temperature processes. 

If a metallic material is used, one concrete example is laser processing of an 
alu-foil with a thickness of 10 urn. With the laser it is possible to form chan- 

25 nels in the foil that have a width of 1 0 urn, wherein the length of the channels 
decisively exceeds the width. The thus structured film can subsequently be 
used as a piece for application of thin-film solar cell, eg micro-crystalline sili- 
con, amorphous silicon or a CIS type (Conductor-Insulator) solar cell, eg 
CIGS (Copper Indium Gallium Selenide) or GaAs (Gallium Arsenide). Irre- 

30 spective of the type selected, the subsequent manufacture of the solar cell 
will follow the techniques and methods that are usual for the manufacture of 
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the selected type of solar cell. In this case, where a grid is used that is manu- 
factured form a metallic material, the conductive coating 85 is not a prerequi- 
site, as the grid itself possesses this property. 

5 In each of the above instances it may be necessary to provide a number of 
coatings between the grid and the solar-cell active material. The necessity of 
these is determined by the exact construction of the solar cell, wherein par- 
ticular cases may dictate a need for barrier coatings and the like. They are 
not included in the shown illustrations. Likewise, the solar cell layer as such 

1 0 may be a combination of several layers. 

In the above-described embodiments the transparent and non-transparent 
areas of the optical element are arranged in a mutually regular pattern, eg 
such that all openings are of the same size and arranged with the same mu- 

15 tual distance. However, nothing prevents the use of a more irregular struc- 
ture, wherein eg apertures of different sizes are arranged more randomly be- 
tween each other, if only the remaining requirements to invisibility, etc, con- 
tinue to be observed. Such irregular structure will further present the advan- 
tage that the transition between the angles, where light is allowed to travel 

20 through the optical element, and the angles, where the passage of light is 
blocked, becomes less abrupt. In case of small dimensions it also renders 
the optical element less sensitive to diffraction phenomena. One example of 
such optical element is shown in Figures 12a-b, wherein Figure 12a shows 
the plate seen straight from the front, while Figure 12b is a sectional view 

25 through the line b-b shown in Figure 1 2a. 

Apart from the already mentioned methods, an element like the one shown in 
Figure 12 can also be manufactured in a variety of ways, such as by photo- 
graphic reproduction, in a foaming process or by beads being dispersed 
30 across a surface following which they are attached by sintering onto the 
glass. Examples of this will be described below. It is a characterising feature 
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of elements produced in a number of these manufacturing methods that loca- 
tion and size of the apertures thus formed cannot be described by means of 
a single factor, but rather they are to be perceived as a statistical distribution 
through an interval and across a face. Both the size distribution and the dis- 

5 tribution across the face depend on the selected manufacturing methods. By 
these methods it will thus only be possible to define the shielding angle as a 
distribution, which is, in Figure 12, symbolised by the angles 0* and Q 2 . The 
product will still have the same macroscopic property as light-shielding ele- 
ment, albeit the transition from incidence to shielding will be less well-defined 

1 0 than was the case with the above-described regular patterns. 

One example of the manufacturing of such irregular optical element is photo- 
graphic reproduction, which is a manufacturing method that may be of inter- 
est when it comes to mass production of elements. Here, it will typically be a 
15 controlled geometry, ie the geometry may very well be irregular, eg in the 
form of apertures of different sizes, but still they are well-defined in advance. 

A shielding element with controlled geometry may be provided by photo- 
graphic techniques, eg by ultra-violet or X-ray lithography. The element may 

20 be provided on a substrate of flexible plastics or on a solid substrate, eg 
glass. The element may eg be provided by application of a light-absorbing 
resin on a suitably selected substrate in a layer corresponding to the thick- 
ness of the desired shielding. This layer is cured with the desired pattern by 
exposing the resin to radiation through a mesh with the desired pattern, eg by 

25 ultra-violet light or X-ray irradiation. Hereby the resin is cured in the radiated 
areas, while the non-radiated areas can subsequently be removed by immer- 
sion of the entire face into a suitably selected solvent. 

The thus produced shielding element is not per se active as solar cell; rather 
30 it is exclusively a passive sun-shielding element. Alternatively the above- 
referenced method can be used for de-meshing a layer of metal that can 



WO 03/106802 



PCT/DK03/00405 



28 

subsequently be used for manufacturing a solar-cell active sun shielding. 
This can be accomplished by the following method. 

This process takes its starting point in a metal foil, eg 50-75 \xm cupper or 

5 other metal. The metal is applied on both sides with a layer of photo-active 
varnish that can be cured by irradiation with ultra-violet rays, X-ray irradiation 
or the like. This varnish is cured by irradiation through a mesh corresponding 
to the geometry it is desired to reproduce in the product and the non-cured 
varnish is removed in accordance with usual procedures in these techniques. 

10 Also a reversed process is available, wherein it is the cured varnish that can 
subsequently be removed; this method is equivalent to the other - the only 
difference being that it is necessary to radiate through a mesh corresponding 
to a negative imprint of the desired structure. Following removal of the var- 
nish in selected areas, the exposed cupper surface is removed by etching 

1 5 with a suitable etching agent, whereas that part of the cupper face that is pro- 
tected by the varnish remains unaltered. Following etching the applied, cured 
varnish is removed by usual methods, and the pure, patterned cupper struc- 
ture will appear. This cupper face can subsequently be used as support for a 
thin-film solar cell of eg CIGS type, wherein the application of the layers in 

20 the CIGS cell takes place electrolytically or by usual vacuum-deposition 
(Chemical Vapour Deposition or Physical Vapour Deposition) methods. The 
film-solar cell thus produced is subsequently to be laminated onto either 
glass or plastics. This, too, can be accomplished by usual lamination tech- 
niques. 

25 

In the above-mentioned techniques it is an option to use other metals than 
cupper, eg silicon; the requirements to be complied with by the metal is that it 
has to be suitable for the further processing into solar cell, and it has to be 
able to tolerate chemical process by suitable etching techniques. Likewise, it 
30 is of course also an option to employ other thin-film solar cells apart from 
CIGS, eg amorphous silicon, CdTe or other. The above-described solar cells, 
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wherein photo-electrode or counter electrode are configured as an optical 
element according to the invention, may, of course, also be manufactured 
with such controlled, irregular structure. 

5 Manufacturing methods are also available, wherein the irregular structure is 
not controlled and well-defined in advance. A few examples where the de- 
sired, light-regulating microstructure in the optical element is provided by me- 
chanisms that do not directly involve mechanical or optical processing of the 
structure will be described in the following, exemplified by the manufacture of 

10 a light-regulating nc-DSC solar cell, wherein the photo-electrode of the solar 
cell constitutes the light-regulating element. 

A structured photo-electrode can be provided by methods without direct me- 
chanical working in a foaming process of a pasta consisting of Ti0 2 particles. 

15 The foaming is provided by mixing Ti0 2 particles with a suitable polymer bin- 
ding system. The mixed substance can be foamed by various methods that 
are all known techniques for foaming polymer structures, eg admixture of 
reagent that generates a gas-forming reaction with a polymer component, or 
by blowing an inert gas into the polymer mixture. The thus foamed substance 

20 is spread across a suitable substrate, eg glass with a conductive coating, and 
the thickness of the thus spread layer is adjusted to the desired thickness of 
the finished photo-electrode. The spreading can be performed by a rolling 
with a stationary smooth cylinder or the like known technology. Following cur- 
ing of the binding agent, it is removed by thermal decomposition and leaves a 

25 micro-structured surface that corresponds to the cavities that were originally 
formed in the foaming process. Due to the surface tension of the liquid, the 
foaming process will result in the upper layer of the electrode being approxi- 
mately closed. It is consequently necessary that the uppermost layer of the 
electrode thus manufactured is removed by a suitable mechanical processing 

30 across the entire face, eg by a planing or sanding process. 
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By this method the size of the formed cavities should exceed the thickness of 
the finished electrode, such that an excessively thick layer is applied that can 
subsequently be removed mechanically. By this method, the size of the aper- 
tures in the structure can be controlled within an interval, and therefore the 
5 method results in a product that has more than one cut-off angle for the di- 
rectly incident light. The passage of light through the structure can thus be 
described by describing the geometry of the porosities statistically by a norm 
size and spreading. 

10 A structured surface can also be manufactured by manufacture of a suspen- 
sion of Ti0 2 nano-particles and adding thereto a suitable amount of uniform 
particles with well-defined size and geometry, eg bead-shaped. These parti- 
cles can be made of eg wax, polymer or other combustible or readily con- 
vertible material. The size of the added particles is selected to be such that 

1 5 they slightly exceed the desired thickness of the finished electrode. Then the 
described mixture is used to cast a film on a suitable substrate, and this film 
is spread such that a mono-layer of the mentioned, added particles is left be- 
hind. Following drying and optionally curing, binder and the added particles 
are removed by thermal treatment. Simultaneously, the Ti0 2 particles of the 

20 electrodes are sintered to each other. In order to ensure an open structure, 
the upper layer of this film is removed by suitably selected mechanical proc- 
essing. In this manner it is possible to produce a micro-structured surface, 
wherein each of the formed apertures in the face has a well-defined geome- 
try. The method involves only indirect control of the location of these aper- 

25 tures, but it will be such that - in case a sufficient amount of particles are 
added, eg beads of a uniform size to the mixture - they will arrange almost 
regularly in an approximately triagonal pattern. 

A variation in the manufacture of a structured ceramic surface is achieved by 
30 applying onto a suitable substrate, eg glass, a polymer matrix with a geome- 
try corresponding to a negative relief of the structure desired to obtain in the 
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ceramic material. It can be provided eg by filling the surface with bead- 
shaped particles of low-melting plastics, wax or the like, such that they form a 
monolayer. The substrate is subsequently heated with a view to adhering the 
particles onto the structure by melting, and forming a plane face between the 
5 particles and the substrate. Then a suspension of Ti0 2 or graphite is applied 
on top of and between the polymer structure, and drying of the suspension is 
performed. Then the polymer structure is removed by suitably selected ther- 
mal treatment. Thus it is possible to form a face with a well-defined geometry. 

10 The above-referenced methods can be used for the manufacture of film that 
constitutes the photo- or counter electrode in a nc-DSC solar cell, or they can 
be used for structuring non-solar-cell-active materials, such as inorganic 
coatings of ceramics, metal or the like. In the latter case, the product is 
merely a sun-shield. 

15 

Albeit preferred embodiments of the present invention have been described 
and shown, the invention is not limited to such; rather it may assume other 
configurations within the scope of the appended claims. 

20 



